INTRODUCTION
In the search for characteristics of exotic plants that might serve as predictors of invasiveness, most studies have examined life-history traits rather than attributes that more directly reflect interactions with potential natural enemies and competitors in the plants' new ranges (Mack 1996) . Recent advances have shown that such interactions are critical in determining invasiveness. Exotics escaping pathogens (Mitchell & Power 2003) and herbivores ) to a greater extent are more invasive than those that are more heavily attacked by natural enemies in their new ranges, suggesting that invasive exotics may be better defended from enemies than non-invasive plants.
Interactions with native competitors are also important. For example, root exudates of some invasive plants contain novel allelopathic 'weapons', chemicals that are highly toxic to unadapted native plants (Callaway & Aschehoug 2000; Callaway & Ridenour 2004) . By virtue of their better defences and enhanced competitive ability, phytochemically unique exotics-those with secondary compounds that are absent from or uncommon in the North American flora-might be more likely to become invasive than plants with common secondary chemistry (Lockwood et al. 2001) . To test this hypothesis, we searched online academic and governmental databases to determine the degree to which invasive and noninvasive exotics shared their most active chemical constituents with native North American plants. Because phytochemically unique plants may represent taxa that are likewise unique or underrepresented in North America (Lockwood et al. 2001) , we also compared the number of native relatives of invasive and non-invasive exotics.
MATERIAL AND METHODS
Characterizing plants as invasive or non-invasive is unavoidably subjective. Although there are many lists of invasive species published by governmental agencies, inclusion of a given species in the lists may not be entirely free of political motivation. To avoid any such bias, we asked six colleagues who work on invasive plants to name the top 10 highly invasive exotic plant pests of North American natural areas and to list up to 10 non-invasive exotics as well. Our colleagues were not apprised of the hypotheses to be tested until after we had received their lists. We asked them to limit their lists to perennials (monocarpic or polycarpic), out of concern that the non-invasives list would otherwise be dominated by annuals that cannot invade intact natural communities simply because they require disturbance to become established. We excluded grasses (family Poaceae) from the final list, because their secondary chemistry is less well studied. We consulted the US Department of Agriculture (USDA) PLANTS Database (http:// plants.usda.gov) to verify that all species were indeed introduced and excluded any species of questionable origin.
There was agreement among the lists of invasive species provided by our colleagues (12 species appeared on more than one list). The lists of non-invasive plants showed almost no concordance, with only a single species being named by more than one expert. After eliminating plants for which phytochemical information could not be found, the final list comprised 21 highly invasive species representing 17 families and 18 non-invasive species representing 13 families (table 1). Eight of the 21 invasive species were also included in the IUCN's list of 100 worst invaders worldwide (table 1), a list that includes animals as well as plants (Lowe et al. 2000) .
To choose a single prominent secondary compound for each species, the first author compiled a list of secondary compounds for each species by consulting the Phytochemical Dictionary (Harborne et al. 1999 ) and the USDA Phytochemical and Ethnobotanical Database (http://www.ars-grin.gov/duke/) and by conducting searches using Thomson ISI Web of Science (http://www.isinet. com/products/citation/wos/). From those lists of chemicals, the second author then chose a single prominent compound reported to be highly active against insects, fungi, plants and/or microbes (table 1). When several compounds from a phytochemically redundant class were present, the compound typically present in largest amounts was chosen as representative of the class. We then searched the online NAPRAlert database through the scientific and technical information (STN) on the Web (http://stnweb.cas.org/) and the USDA Phytochemical and Ethnobotanical Database for plants from North America containing these compounds (electronic supplemental material). Since not all of the species in the lists generated by these searches were native to North America (some were cultivated or exotic species that were merely collected from North American sites), the USDA PLANTS Database was consulted to eliminate any non-native plants. The final dataset consisted of the following continuous variables for each of the highly invasive and non-invasive exotic plants: the number of native species containing the exotic's prominent secondary compound and the number of genera and families represented by those native species. A binary variable, whether or not each compound has been reported from at least one native North American plant, was also created.
The degree of taxonomic relatedness to the native flora was derived from information obtained from the USDA PLANTS Database. For each exotic species, we tallied the number of native congeners as well as the number of native confamilial genera. A confamilial genus was considered to be native if it contained at least one native species.
Fourteen species in the present study were included in earlier studies of herbivory on exotic plants in Ontario All continuous variables were non-normally distributed, so we used non-parametric Wilcoxon rank-sum tests to compare invasive and non-invasive exotics. A log-likelihood c 2 -test was used to test the hypothesis that the prominent phytochemicals of invasive exotics were less likely to have been recorded from the native North American flora. We performed Spearman's rank correlations to examine the relationship between herbivore damage and phytochemical uniqueness quantified by the number of native species, genera and families reported to contain the prominent secondary compound of the exotics. Wilcoxon rank-sum tests were also used to compare leaf herbivory of plants with unique phytochemistry (prominent phytochemical not recorded from native North American plants) and plants sharing their prominent phytochemicals with native plants. The analyses were performed using JMP IN v. 5.1 (SAS Institute, Cary, NC, USA).
RESULTS
Almost half (42.8%) of the highly invasive exotics possessed a prominent secondary compound that has not been recorded from native North American plants, whereas only 11.1% of the prominent chemicals from non-native plants were absent from the North American flora (Log-likelihood c 2 Z5.16, d.f.Z1, pZ0.023). Active secondary compounds from highly invasive exotics were found in fewer native species (figure 1a; Wilcoxon rank-sum test: c 2 Z5.05, d.f.Z1, pZ0.024), representing fewer native genera (figure 1b; Wilcoxon rank-sum test: c 2 Z4.23, d.f.Z1, pZ0.040) and fewer native families 
DISCUSSION
Our results suggest a phytochemical basis for the escape from enemies that has been shown from previous studies to be correlated with invasive potential in exotic plants (Mitchell & Power 2003; . A plant species introduced to a new habitat can be colonized rapidly by herbivores that recognize it as potential food and have the physiological capability to detoxify its secondary constituents (Strong 1974; Strong et al. 1977; Singer et al. 1993) . Herbivores of native plants often shift onto novel hosts that are phytochemically similar to, but not necessarily related to, their traditional hosts (Strong et al. 1984) . While some phylogenetically isolated plants have been reported to have impoverished herbivore faunas (Connor et al. 1980) , and while phylogenetic similarity of exotics to the North American flora was weakly correlated with herbivore damage in our previous work , in the present study, highly invasive exotics did not have significantly fewer close relatives than non-invasive plants.
Although escape from herbivores as a mechanism of exotic plant invasion has received considerable attention in the literature (Keane & Crawley 2002) Secondary chemistry of exotic plants N. Cappuccino & J. T. Arnason 191 argument relies on the assumption that herbivores, when present, limit plant abundance and distribution-a question that has generated decades of debate (Keane & Crawley 2002; McEvoy 2002) . The relationships we observed between unique chemistry, low herbivory and exotic plant invasiveness suggest an important role for enemy escape; however, other mechanisms that could drive invasiveness, such as allelopathy (Callaway & Aschehoug 2000; Callaway & Ridenour 2004 ) and the alteration of soil microbial communities (Kourtev et al. 2002) , are also likely to be important. These mechanisms also depend on novel phytochemistry (Callaway & Ridenour 2004) . For some exotic plants, the prominent novel phytochemical may confer multiple advantages, enabling invasiveness through several mechanisms. Over half (57.5%) of the compounds in our dataset have been reported as active against more than one type of organism and several appear to have generalized biocidal effects (electronic supplementary material). This was true for the prominent compounds of both invasive and non-invasive exotics. Allelopathic activity has been reported for only six of the compounds (electronic supplementary material); however, as advanced methods lend new credibility to studies of allelopathy (Hierro & Callaway 2003) , it is possible that many more compounds once seen as merely defensive will prove to be 'offensive' as well.
We do not claim that the compounds of invasive plants are in and of themselves more toxic than those of non-invasive plants. They are merely more effective in their new ranges where adapted herbivores, pathogens and competitors are absent. Invasive exotic species are often uncommon or even rare in their native ranges (Callaway & Aschehoug 2000; DiTommaso et al. 2005) , supporting the argument that these plants are not phytochemically superior in all environments. Furthermore, in their native ranges, plants may produce lower concentrations of their defensive compounds to avoid detection by specialist herbivores, which use the compounds as host-location cues. In the novel range, where chemical uniqueness will decrease the likelihood of attracting preadapted herbivores, production of the novel secondary compounds may be increased, thereby making the plants even more resistant to generalists ( Joshi & Vrieling 2005) .
Combatting invasive plants is difficult and costly (Pimentel et al. 2000) . The ability to predict which exotic species are likely to become pests of natural areas would allow managers to initiate proactive control measures before emergent pests spread far from their points of entry. Pest status in other geographic areas where a plant has been introduced has proven to be a useful predictor of its potential invasiveness in a new location (Reichard & Hamilton 1997) . For plants that do not have a prior history of invasion, our work suggests that phytochemical isolation from native plants could be used to predict invasiveness.
